Abstract: In this review we synthesized and conducted a computational studies on Pyrazolo pyrimidine's derivatives that were carried out through density functional theory level utilizing HF/6−311+G**and B3LYP/6−311+G**. Charge transfer occured through molecule was shown by the calculation of HOMO and LUMO energies. The electric dipole moment values (l) of the molecule were counted calculations of DFT. Some geometrical and structural parameters such as total energies (E), relative energies (DE), (bond length in Å, angles in degree), energy gap, relative Gibbs free energy, dipole moment, and molecular electrostatic potentials (MEP) were studied.
Introduction
Heterocyclic pyrimidine nucleus includes four carbon and two nitrogen atoms and is pharmacologically in active; however, its synthetic derivatives have important roles in pharmaceutical applications [1] [2] [3] . The properties are demonstrated by their hydrogen and bonding systems. They belong to the family of nucleic acids. Nucleic acids are of great interest, since, they have role in the manufacture of proteins and the functions of the cells in living organisms [4] [5] [6] .
For example Pyrazolo [3,4-d] pyrimidine derivatives are shown to exhibit anti-amoebic activity [7] [8] [9] [10] [11] [12] [13] and are potential anti-inflammatory agents [14, 15] , anti-coagulation inhibitors [16] , xanthine oxidase inhibitors [17] , antiproliferative and proapoptotic agents in various tumor types [18, 19] . They are called SRC kinase inhibitors [20] and are beneficial in human cancers treating sustaining oncogenic activation of RET [21] . After the knowing of scaled quantum mechanical (SQM) calculations, the philosophy of computational methods of vibrational spectroscopy [22] [23] [24] [25] were changed significantly. The most applied spectroscopic methods by organic chemists for the characterization of compounds are ultra-violet, IR, NMR, and mass spectroscopy. IR measurement through liquid mixtures supplies an excellent tool to investigate inter and intramolecular interactions between like and unlike molecules. The density functional theory has become a great method for the description of vibrational spectra and molecular structure. Completed by a visualization program, the assignments can accurately be made [26] [27] [28] . The advance in the graphic and computational devices has increased the significance of MEP surfaces, highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) as tools for studying molecular reactivities, interactions, charge transfers and other molecular properties [29] [30] [31] [32] [33] [34] . These characteristics are the highest occupied molecular orbital energy EHOMO, the lowest unoccupied molecular orbital energy Elumo, energy gap ΔE, dipole moment μ, total energy ET, activation energy Ea, absorption maximum λmax and factor of oscillation f(SO). The geometry of the systems has been improved at the B3LYP /6-31G (d) [35] [36] [37] [38] computational level. As per the computations, the molecules concerned to energy minima on the Potential Energy Surface (PES). The Gaussian-09 program was used for all this calculations [39] [40] [41] [42] .The density functional used this form:
Exc= (1-α0 )EX LSDA +α0EX HF +αX ∆EX B88 +αCEc LYP + (1-αC)EC VWN 
Synthesis and Computational Studies of Pyrazolo[3,4-d]Pyrimidine

4-Aminopyrazolo[3,4-d]pyrimidine
The theoretical UV-Vis spectrum is used to detect this compound using CIS method and the electronic properties, such as HOMO and LUMO energies, were perfected by time-dependent DFT (TD-DFT) approach. Charge transfer occurs within the molecule was shown by HOMO and LUMO energies calculations. The first order hyperpolarizability (β0) of this molecular system and related properties (β, α0 and ∆α) of 4-APP are computed using DFT/6-31G (d) method on the finite-field approach. The Mulliken charges, the values of electric dipole moment (µ) of the molecule were calculated utilizing DFT calculations. They used natural bond (NBO) analysis to compute The diversity in electron density (ED) in the antibonding orbitals and stabilization energies giving clear evidence of stabilization originating in the hyper conjugation of hydrogen-bonded interactions [43] .
Structure of 4-aminopyrazolo[3,4-d]pyrimidine
Scheme 1. Structure of 4-aminopyrazolo [3,4- 
d]pyrimidine
Computational
Gaussian 09W software package used to calculate the energy and dipole moment of tautomer [44] , using the B3LYP functional [45, 46] combined with standard 6-31G* basis set. In the Table 1 Prabavathi, et al. reported that the total energies, dipole moment and their relative energies of various tautomer of 4-APP were computed at B3LYP/6-31G* level. We can realize from Table 1 that for 4-APP the energies of the tautomers are in the following order (1a) < (1b) < (1c) < (1d) < (1e) < (1f) < (1g) < (1h) < (1i) < (1j) < (1k) < (1L) < (1m) < (1n) < (1o) < (1p).
It was found that the amino-N(1)H tautomer has the lowest energy and is the most stable form. Xue et al. utilizing the computed geometrical parameters for 4-APP (as it contains both a pyrimidine ring and an imidazole ring) which are parallel with some of the purine derivatives [47, 48] (6-aminopurine and adenine) for the possible bond lengths and bond angles. So it was predicted that the bond length and bond angle agree with adenine parameters obtained in Table 3 . Through Table 4 the values of the polarizabilities (α) and hyperpolarizability (β) of the Gaussian 09 output, Data et al. found that the extent of ᴨ electron delocalization control the ground-state dipole moment and the hyperpolarizability, which relies on the structural details of the molecules [49] .
The six peaks of 4-APP appeared at 1587, 1580, 1478, 725 cm -1 in both IR and Raman spectra and the IR bands at 1606, and 1512 cm -1 are attributed to ring C-N stretching vibrations. Analogical bands are theoretically calculated at 1633, 1612, 1563, 1512, 1466, 705 cm -1 with a PED contribution in the range 58-35% at 6-31G** level. All the exocyclic atoms have atomic charges corresponds to their electro-negativity while the charges at all the C atoms of the ring are corresponds to the net flow of π electrons (delocalization of electron density) [51] . The Mulliken atomic charges of every atomic site of 4-APP are gathered in Table 6 . The visible absorption maximum was found to be a function of electron availability, oscillator strength, and theoretical electronic excitation energies (as shown in Table 7 ). Depending on the calculated potential energy distribution results, assignments of the fundamental vibrational frequencies have been made unambiguously. The lesser value of HOMO-LUMO energy gap has essential effect on the intramolecular bioactivity of the molecule and charge transfer. The energies of essential MOs and the λmax of the compounds were also evaluated from TD-DFT strategy [43] .
4-Aminopyrazolo[3,4-d]Pyrimidine & Computational details
One electron excitation from the highest occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO) describe the electronic absorption related to the transition from the ground to the first excited state. Table 6 . Atomic charges for optimized geometry of 4-APP using DFT B3LYP/6-31G(d,p). Table 9 , we present the total energy and the change in the total entropy of [4AP(3,4-D)P] at room temperature. The C-H out-of-plane bending modes were given within the characteristic region and are shown in Table 10 .
Atomic number 4-APP
The vibrational properties of 4AP(3,4-d)P have been investigated by FTIR and Laser Raman spectroscopy and were performed accordingly to the SQM force field method based on the ab initio HF/6−311+G**(d,p) and B3LYP/6−311+G**(d,p) levels. It was discussed the importance of amino and other groups in the vibrational frequencies of 4AP(3,4-d)P. The various techniques of vibrations were unambiguously assigned depend on the results of the TED output [26] . 
Computational details
The system uses the B3LYP /6-31G (d) [35] computational level. Relatively the calculations, the molecules with minimum energy where λ is the number of negative eigenvalues of the Hessian matrix for a given stationary point) on the Potential Energy Surface. It was found, that the Relative energies (kJ/mol) of isomers, classified by families (without aza, monoaza, diaza and triaza). Relative energy minima in bold (the compounds of only an isomer calculated have no reltive energy value). The negative values of the last column mean that a are more stable than b. The geometries of compounds in the solid state it is useful to use theoretical calculations in the gas phase.
This allows to have a complete set of related structures and to differentiate the intrinsic effects from crystal field ones [52] [53] [54] [55] . None the less , from the present survey, several conclusions can be drawn: i) N internal angles are more reliable than NC distances for structural characterization; ii) 1-and 2-aryl series form two separated sets; iii) a rationale has been found for the N-aryl torsion angles [56] . and log IC50 of allopurinol, oxipurinol, 6b, e-k, m-r, and 7a-s docked against XDH (1n5x)". 
Synthesis of 4-
Pyrazolo[3,4-d]pyrimidines
Pyrazolo [3,4- [16] . The pyrazolo [3,4- [64] ; and 6-methylsulfanyl-1-(3-phenylpropyl)-4,5-dihydro-1H-pyrazolo [3,4-d] pyrimidine-4-one 16 [65] .
Computational details
The Conformational search and docking studies using AUTODOCK4.2 show that electronic interaction has an important role in ligand-channel interaction. Table  13 show the result. For the best degree of the docked poses, with comparable to the indomethacin binding to PLA2, molecules 8, 9, 11 and 13 have poor binding energies., molecule 15 has the comparable energy while molecules 10, 12, 14 and 16 have better bound energy values. 
Synthesis of pyrazolo[3,4-d]pyrimidine derivatives
By using the density functional B3LYP/6-31G** and dispersion corrected density functional DFT-D/B97D methods, the conformational stabilities and computations of optimized geometrical parameters of 1,3-bis(4,6-diethylthio-1H-pyrazolo [3,4- Geometries at the minimum energies were fully optimized without any constraints. Since B3LYP method does not include the dispersion term, M06-2X/6-311++G** method is used to define the energies of the B3LYP optimized geometries, which is known to better convenient for non-covalent interactions. 
Computational details
Figures (5, 6) show molecular structures function of lowest energy conformation of all the four studied compounds and this conformation is a folded one donating ample scope for arene-arene (aromatic Π-Π) interactions. [67, 68] . The properties of biological Activity of organic compounds related to the geometry and additionally the nature of their molecular orbital, HOMO (highest occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital). In the next Table (Table 19) , we summarized The Pearson correlation coefficients. The obtained matrix provides Information on the negative or positive correlation between variables. The Energy of activation Ea is negatively correlated with the maximum of absorption λ max (r = -0.984 and p <0.05) at a significant level. The Density D is correlated positively with the surface tension αe (r =0.942 and p< 0.001) at a significant level. The analysis of projections is according to the planes F1-F2 and F1-F3 (59.53% and 58.28% of the total variance respectively) of the studied molecules [69] .
Synthesis of 3-phenyl-1-tosyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine
Using Hartree Fock (HF/6-31G**) and density functional theory (B3LYP/6-31G**) techniques to obtain the electronic structure calculations and vibrational assignments of a biologically important molecule namely, 3-phenyl-1-tosyl-1H-pyrazolo 
Computational details
From two methods have been compared and are described in Table 20 (Table 21) . On the premise of vibrational analysis at B3LYP/6-3G** and HF/6-31G** levels, various thermodynamic parameters are computed and are introduced in Table  22 . We calculate the zero point vibrational energies (ZPVE), rotational constants, thermal energy, heat capacity and the entropy Svib (T) to the degree of accuracy it is also clear from Table 22 that the rotational constant is directly proportional to rotational temperature. The rotational constant is inversely proportional to the moment of inertia of the molecule [70] . Theoretically computed vibrational (IR) frequencies of 3-phenyl-1-tosyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine have been contrasted with the experimental observations [71] which is delineated in Table 23 [72]. 
The structures were limited utilizing Macro model with Optimized Potentials for Liquid Simulation. Spin restricted DFT with B3LYP (Becke-3-Lee-Yang-Parr) density functional and the 6-31-G * * basis set were used to obtain the calculations.
The molecularmechanics (MM) energy optimization showed that the potential energy of the N2 is higher than the corresponding N1 isomer as shown in Figure  10 . The quantum mechanics (QM) computation for the activation energy for the formation of 25a (N1) and 25a (N2) were done. The result demonstrates that the transition state for N2 higher in energy than that of N1 is 0.0016 Ha (4.27 kJ/mol) (schematic representation in Figure 11 ). The relative energy of is N2 isomer higher than that of N1 isomer. Thus, QM calculation likewise supports the formation of N1 product [73] . HOMO, LUMO, energy gap, and the optimized geometric structure of the studied compounds 27-31, by B3LYP/6-311 + G** theory level, introduced in Table 24 and Figure 12 .
At Figure 12 , The LUMO is delocalized among all the atoms for all molecules, except compounds 30 and 31. But, the HOMOs are localized on the nitrogen atoms, except in compounds 27 and 31.
Synthesis of fluorine-substituted pyrazolo[3,4-d]pyrimidine derivative
The computational calculation of compounds 27-31 was performed by using SPARTAN'08 Windows graphical software with density functional theory, DFT/6-31G* basis set [74] . We find theoretically that the compound with lower LUMO value and higher density value has shown the highest activity. The theoretical results were found in good corroboration with the experimental results. Structure activity relationship studies show that fluorinesubstituted derivatives play an important role in antimicrobial activity [75] . (70-90% ). It appears that in this situation the bondforming efficiency relies upon the first reaction step, comprising in the 1,3-dipolar cycloaddition to form the triazole moiety [76] . According to the docking scores reported in Table 25 the pyrazolotriazolopyrimidine derivatives 38 and 40 can form stable complexes with DNA. Table 27 . As mentioned before, the studied 13DC reaction prefers structure 47 products with the lower activation energy (72.328 kJ. mol −1 ) and high negative estimations of enthalpy and free energy [77] . Table 26 . Zero point energy (ZPE), electronic energy (E), enthalpy (H) and free energies (G), total energy (E + ZPE) computed at 298 K of the stationary points involved in the studied 13DC reaction using B3LYP/6-311 ++G** level of theory. 
Structure
Synthesis of triaminopyrazolo[1,5-a]pyrimidine dyes
We have blended multifunctional dyes 3- Schematic diagram and synthesis route of the investigated dyes depicted in Scheme 8.
Computational details
Energy gap of HOMO-LUMO increases for 52b while decreases for 52a at ground state. The introduction of carboxylic group in place of nitro 53, raise the HOMO and LUMO energies. It was seen that energy gap of the 52b is greater than the 52b. We observed decrease in energy gap by using solvent for 52a while solvent has no significant effect for 52b. Figure 14 . The distribution patterns of the frontier molecular orbitals (HOMOs and LUMOs) of 52a and 52b In Table 30 , the ∆G inject , Oxidation potential, and |VRP| of the studied dyes were presented. The values of electron injection and electronic coupling constant for 52a are _ 0.86 and 0.43, respectively, while 52b are _ 1.16 and 0.58, respectively. Al-Sehemi et al. demonstrated that, (HOMOs) the highest occupied molecular orbitals and lowest unoccupied molecular orbitals (LUMO) are delocalized and localized on throughout the backbone in 52b, respectively. The HOMO and LUMO energies reduced from gas phase to solvent. Solvent plays important role towards elevating the dipole moment. In solvent, the wavelengths of maximum absorption are red shifted. Further improvement towards efficient sensitizers occur when we attach anchoring groups having strong anchoring ability along with elongating the bridge as revealed in this study [78] . As seen in Scheme 9, to achieve site selectivity at C7, using of the monodentate phosphine ligand SPhos proved crucial, giving the coveted item 55 a in great yield.
The regiodivergent palladium-catalysed C-H arylation of Pyrazolo[1,5-a]pyrimidine
The HOMO orbital has critical electron density at the C3 position, and that this position has by far the highest "electrophile affinity" (Eα) value (Figure 15a ) [79] , on the other hand, they focused the significantly greater acidity of the C7-H group as detected by comparing the computed relative energies for the removal of each of the protons by acetate (Figure 15b ) [80] .
Scheme 14. Results of optimization of reaction conditions.
Synthesis of Pyrazolo[1,5-a]pyrimidin-7(4H)-one
Electronic absorption bands were observed and compared with the predicted transitions using a timedependent DFT method (TDDFT). In all solvents utilized, except for DMF and acetonitrile, compounds 58 and 59 presented azo-hydrazone tautomerism. However, the ionized species were predominant in highly polar solvents for compounds 60 and 61. In DMF, based on the molecular structure, all the investigated dyes presented either in acid-base equilibrium or in the ionized form. Hence, the values of the ionization constant (Kion) and Gibbs free energy (ΔG) of the equilibrium existing in solution were computed. In addition, the pKa values of the dyes is calculated by using the spectrophotometric method [81] .
Quantum chemical calculations
The full geometrical optimization of the isolated molecules 58-61 is in this scheme. The transfer of the hydrogen atom related to N4 either to the keto-oxygen (O8) or to N11 creates annular and azo-hydrazone tautomerism, respectively. In addition, it is wellknown that a variety of azo dyes can co-exist in acid-base equilibrium particularly in basic solvents [82] [83] [84] .
Using the B3LYP functional, The DFT calculations were calculated, in which Becke's nonlocal exchange [85, 86] and the Lee-Yang-Parr correlation functional were used [46] . Compiles selected structural parameters detected only by geometrical optimization since no experimental geometrical data are shown in the literature for NH, OH and hydrazone tautomers calculated at PM6 levels and DFT. Dissection of the spatial structure of the dyes 58-61 has uncovered that the fused heterocyclic fragment is completely planar in both NH and OH shapes but deviates slightly from planarity in the hydrazone tautomers as the torsion C6C7N1aN1 angle. We can observe in Table 32 , the NH tautomers have the lowest energy value among all the potential tautomers calculated at the B3LYP/6-31G** computational level. Table 34 . The values of ΔG and Kion of the ionization equilibrium existing in solution are cited in Table 35 .
The negative values of the free energy change of the ionization process indicate that this process is spontaneous. In general, the experimental results presented in this table show that the values of Kion and ΔG of the compounds investigated in mixed solvent depend upon R and increase in the following sequence 58 (R=CH3)> 59 (R=Ph) and 60 (R=CH3) >61 (R=Ph) Values of pKa were determined by using three different spectrophotometric methods, namely the half curve-height, the limiting absorbance and the isosbestic point methods [87, 88] . The obtained values are in Table 36 . The similarity between the experimental and theoretical results shows that the DFT/B3LYP/6-31G** method has powerful role in explaining the features and tautomeric phenomena of the compounds under investigation. In the light of the obtained calculations of the energy gap (ԐLUMO_ԐHOMO) and time-dependent DFT, the visible absorption bands of compounds 58 and 59 are successfully assigned. The phenyl substituent at C5 in compound 59 diminishes the energy gap between HOMO and LUMO and consequently absorbs light at relatively long wavelengths relative to compound [81] . Synthesise of 7-hydroxy-6-phenyl-3-(phenyldiazenyl)pyrazolo[1,5-a]pyrimidine-2,5(1H,4H)-dione derivatives were obtained from the reaction of (chlorocarbonyl)phenyl ketene and 5-aminopyrazolones produce great yields and take short reaction times. To optimize the structures, calculate the energies and vibrational frequencies IR and 1H NMR shielding tensors of the desired products by using Density Functional Theory (DFT). There are new methods to synthesize heterocyclic compounds by using condensation of (chlorocarbonyl) ketenes 63 with 1,3-dinucleophiles [89] [90] [91] . The reaction of (chlorocarbonyl) ketenes 63 with 5-aminopyrazoles 62 for the synthesis of 7-hydroxy-6-phenyl-3-(phenyldiazenyl)Pyrazolo[1,5-a]pyrimidine-2, 5(1H, 4H)-Dione derivatives 64a-e, is reported in Scheme 16. The endocyclic nitrogen atom will attack the central carbon atom of the ketene group, which have a lowlying LUMO. Subsequent cyclization gives compound 66. Compound 64a-e is given by H + elimination.
Theoretical studies
To anticipate the spectroscopic properties of the most stable structure, DFT approach was utilized in the Gaussian software. The computed wave numbers were scaled with the scaling factor in order to figure out how the predicted vibrational spectra are in agreement with experimental ones. Vibrational examination of molecule was computed by using B3LYP level with basis set 6-311 G. The identified and predicted vibrational spectrum with results of fundamental vibrational modes were given in Table 37 . Table 37 , in the range of 3300-2800 cm−1 the experimental N-H and O-H stretching frequencies showed for compound 64a-e, the theoretically presaged IR for N-H and O-H stretching frequencies too were seen in the same range ~ 3199-2902 cm-1 by B3LYP/6-311G. The strongly intense peaks from B3LYP/6-311+G (d,p) agree well to the intensities obtained experimentally. Table 39 . Showing Gibbs free energy for each compound at 298 K. According to these data, the reactant has Energy surface lower than the product energy surface at room temperature. This happen obtained the reaction will be done by external energy. 5(1H,4H) -dione 62d, 4-((7-hydroxy-2,5-dioxo-6-phenyl-1,2,4,5-tetrahydropy razolo [1,5-a] pyrimidin-3-yl)diazenyl) benzenesulfonamide 62e. Activity energy surface of reactant and product in THF depicted in Figure 17 . Calculation by Gibbs free energy accordance with experimental process illustrated this reaction can be done at THF boiling point, correct products of this reaction also showed by using NMR data also showed in the experiment . Calculated parameters predicted that this reaction theoretically suitable for experimental synthesis [92] . It was investigated as corrosion inhibitors utilizing density functional theory (DFT) at the B3LYP/6-31 + G (d, p) level of theory. The computed quantum chemical parameters associated to the inhibition proficiency are: the highest occupied molecular orbital energy (EHOMO), the lowest unoccupied molecular orbital energy (ELUMO), the energy gap (ΔEL-H), ionization energy (I), dipole moment (μ), electron affinity (A), absolute electronegativity (χ), absolute softness (σ), absolute hardness (η), the fraction of electron transferred (∆N), and the total energy (Etot) which were studied. Figure 18 shows the optimized structures of Tolyl and Inon inhibitors along with atomic numbering. For Tolyl and Inon molecules, the computed quantum chemical properties as EHOMO, ELUMO, ΔEL−H and dipole moment (μ) are obtained in Table 40 . Tolyl with the softness value of 13.65934 eV has the most elevated inhibition efficiency contrasted with 12.98027 eV of Inon; this result is also in agreement with the experimental finding. Utilizing the DFT/B3LYP/6-31 + G (d,p) level of hypothesis, the inhibition efficiency of two Pyrazolo [1,5-c] pyrimidine derivatives is indicated prompting the accompanying conclusions. Through DFT calculations, a relationship between parameters identified with the electronic and molecular structures of these derivatives and their ability to stop the corrosion process could be set up. The inhibition efficiency of these derivatives acquired quantum chemically increases with the increase in EHOMO, and decrease in ELUMO and energy gap ΔEL−H. Tolyl has the highest inhibition efficiency because it had the highest HOMO energy [93] . 
Conclusion
In this study, the synthesis of different pyrazolopyrmidines derivatives and their computational analysis by density functional theory level (utilizing HF/6−311+G and B3LYP/6−311+G) were evaluated. Charge transfer occured through the molecule was shown by calculating the HOMO and LUMO energies. The electric dipole moment values (l) of the molecule were counted as calculations of the DFT. Some geometrical and structural parameters including, the total energies (E), relative energies (DE), (bond length in Å, angles in degree), energy gap, relative Gibbs free energy, dipole moment, and molecular electrostatic potentials (MEP) were studied.
